P1 outer membrane proteins from Haemophilus influenzae type b are heterogeneous antigenically and with respect to apparent molecular weight in sodium dodecyl sulfate-polyacrylamide gel electrophoresis. For determination of the molecular basis for the differences in the P1 proteins, the genes for the P1 proteins from strain 1613 
Haemophilus influenzae type b is a major cause of bacterial meningitis and other invasive infections in children under the age of 4 years in the United States (8) . Outer membrane protein (OMP) P1 (designated "a" by Loeb and Smith [12] ) has been purified, and antibody directed against P1 has been shown to have protective activity in an infant rat bacteremic model (6, 11) . Type b isolates contain P1 proteins of variable apparent molecular weight; differences in the mobilities of these proteins were used by Barenkamp et (2, 3, 7) . In the subtyping scheme, these proteins were designated H, L, or U. Strains with the OMP subtype designated 1H have the H form of the P1 protein and represent 42% of the isolates causing invasive disease in the United States (2, 18) . Isolates with the common OMP subtype, 3L, are responsible for approximately 18% of the invasive disease in the United States and are the predominant isolates found in Europe (18, 26) . These isolates have a P1 protein of slightly lower apparent molecular weight, designated L in the subtyping scheme. Originally, isolates having neither the H nor the L form of the P1 protein were designated U, for unclassified (7) . However, in subsequent studies, most isolates with the P1 protein designated U were shown to be members of the OMP subtype 6U/12U group, a clonal family commonly observed in the developing world but rarely observed in the United States (18, 27) . The P1 protein designated U is of lower apparent molecular weight than either the H or the L P1 protein.
The OMP P1 gene has been cloned (6, 16) , and the gene for the P1 protein from an OMP subtype 1H isolate has been sequenced (16) . We now report the molecular cloning, expression, DNA sequence, and derived amino acid se-* Corresponding author.
quence of the P1 proteins from prototype OMP subtype 3L and 6U isolates.
MATERIALS AND METHODS
Bacterial strains, plasmids, and phages. H. influenzae type b strain 1613 was isolated in St. Louis from the blood of a patient with periorbital cellulitis (17) . It (3) . Protein concentrations were determined by the bicinchoninic acid method (25) (BCA protein assay kit; Pierce Chemical Co., Rockford, Ill.) in accordance with manufacturer instructions. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed on modified Laemmli 11% gels as described by Lugtenberg et al. (13) . Western blot (immunoblot) analysis was performed with rabbit anti-Pl antisera prepared against the protein isolated from strain MinnA as described previously (16 Full-size 3L protein was detectable in sarcosyl-insoluble preparations of E. coli JM101(pRSM206) (Fig. 1) . The protein from strain 1613 and the native and recombinant OMP subtype 1H proteins are shown for comparison. The recombinant protein was localized in the sarcosyl-insoluble fraction. Antibody labeling experiments performed as described previously (16) demonstrated that epitopes of the 3L protein were present at the surface of intact E. coli cells, indicating that the protein was processed normally and was localized to the outer membrane. Small amounts of two lower-molecularweight degradation products, which have not been further characterized, were also observed (Fig. 1 (Fig. 2) . The HindlIl site observed in the 1H and 3L P1 genes had been conserved. Oligonucleotides corresponding to the 5'-and 3'-flanking sequences were generated with a BamHI site (5' oligonucleotide) and an EcoRI site (complementary 3' oligonu,leotide). A 3,000-bp PCR product was again generated, and the BamHI-PstI, PstI-HindIII, and HindIll-EcoRI fragments were cloned into M13. The sequences of both strands of the 6U P1 gene were determined, beginning with the 5' PstI site. The sequence of the leader peptide was determined in one direction only from the BamHI-PstI fragment. The comparative restriction maps of the P1 genes are shown in Fig. 2 . For expression of the 6U P1 gene, an independent PCR was performed, and the XbaI-EcoRI fragment was prepared and purified. The XbaI site was present at base 280 ( Fig. 2  and 3 ). The EcoRI site 3' to the gene was part of the PCR primer (see above). As the 5' portions of the 3L and 6U P1 genes code for the identical peptide, we cloned the XbaIEcoRI-digested PCR product into XbaI-EcoRI-treated pRSM206. The resulting plasmid was designated pRSM652; the full-size OMP subtype 6U P1 gene product was produced by this construct (Fig. 1) . The sequence of the XbaI-EcoRI fragment was independently determined and agreed with the sequence determined from the M13 derivatives.
The nucleotide sequences of the three genes were highly conserved. Overall, 94% of the base pairs coding for the 1H and 3L proteins were identical. The 6U P1 gene was 90% identical to the 1H P1 gene and 92% identical to the 3L P1 gene. Sequence divergence of the 1H and 3L P1 genes was largely localized to two regions (nucleotides 307 to 360 and nucleotides 646 to 744; Fig. 2 and 3) . The 6U P1 gene was also divergent in these two regions and had a third region of divergence (nucleotides 1327 to 1365). The 3L and 6U proteins were 91 and 86% identical to the 1H protein, respectively. The 3L and 6U protein sequences were 88% identical to each other.
We previously demonstrated that the N-terminal sequence of the purified 1H protein was AAFQLAEVSTSGLG (16 (Fig. 2) 
